in small animals. Vet Clin N Am Small Anim Pract 33:695-720. 7 
Proliferative pododermatitis (canker) with intralesional spirochetes in three horses
Claude M. Nagamine, Fernando Castro, Ben Buchanan, James Schumacher, Linden E. Craig 1
Abstract. Spirochetes were identified histologically in canker (proliferative pododermatitis) in 3 horses. The data suggest that spirochetes may contribute to the pathology of equine chronic foot diseases similar to the manner in which they contribute to the pathology of bovine papillomatous digital dermatitis and contagious ovine digital dermatitis.
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A recently purchased, 11-year-old, 500-kg (1100 lb) gelding Tennessee Walking Horse (TWH) (horse No. 1) was referred to the University of Tennessee College of Veterinary Medicine (UTCVM) for treatment for lameness due to resistant thrush. Previous treatments for the thrush included copper naphthenate solution, a diluted solution of povidoneiodine, b bleach, turpentine, kerosene, and Epsom salts. The hooves were kept dry with a commercial hoof preparation c and were cleaned 1-2 times/day. Except for its hooves, physical parameters were within normal limits. Vaccinations were current. Physical exam revealed an odiferous, proliferative, necrotic, moist pododermatitis of the frogs, sulci, and soles on both forefeet and the right hindfoot. On the basis of the clinical presentation, a presumptive diagnosis of canker (proliferative pododermatitis) was made. Under general anesthe- sia, the canker was surgically debrided to healthy tissue on all 3 hooves. The hooves were bandaged and systemic antibiotics (metronidazole, per os, 13.5 mg/kg, q6 hours) and analgesics (phenylbutazone, per os, 1.8 mg/kg, q6-12 hours) were prescribed for 7 and 16 days, respectively. Bandages were changed every 3 days at which time metronidazole powder was applied topically to the surgical wounds. Six weeks after the initial surgery, proliferative tissues were again identified on 2 feet and excised. Boiler-plate horseshoes were subsequently applied for easier access to the surgical wounds.
Histopathology of the excised tissues revealed a markedly hyperplastic and hyperkeratotic epithelium with radiating bands of neutrophilic inflammation. There was a superficial band of marked ballooning degeneration of the hyperplastic keratinocytes ( Fig. 1 ). There was also moderate fibroplasia, neovascularization and infiltrates of lymphocytes and plasma cells in the superficial dermis. A mixed population of gramnegative and gram-positive bacteria was present on the surface of the epithelium, but these organisms were not associated with the inflammation nor did they extend into the epithelium. In contrast, a modified Steiner stain revealed numerous spirochetes that extended into the proliferative epi- (Fig. 2) . In some areas, large numbers of spirochetes infiltrated between the swollen keratinocytes to form a reticular pattern (Fig. 3) .
Archival tissue was examined from an unrelated 10-yearold TWH stallion (horse No. 2) that presented with a history of proliferative lesions on both rear feet for 4 years with multiple phases of regression and reoccurrence. Multiple treatments, including surgical removal and intralesional injections of Mycobacterium cell wall fraction immunostimulant, d had been unsuccessful. The horse developed lymphangitis of the left rear leg and frequently chewed at the right rear hoof. After referral to UTCVM, the clinical diagnosis of canker was made, and biopsy of the right rear hoof lesion was performed. The lesion consisted of markedly hyperplastic epithelium with a discrete superficial band of ballooning degeneration, bands of intraepithelial neutrophilic inflammation, and moderate perivascular lymphoplasmacytic inflammation in the dermis (similar to horse No. 1). The modified Steiner stain also identified spirochetes within the proliferative epithelium, but they did not form the reticular pattern described in horse No. 1.
Archival tissue was examined from another unrelated canker case seen previously at the UTCVM, a 6-year-old gelding TWH with canker of its left rear foot (horse No. 3). Histologically, the lesion consisted of a papillary epithelial hyperplasia with ballooning degeneration of the superficial keratinocytes and a marked multifocal to coalescing intraepithelial and superficial dermal neutrophilic infiltrate. The modified Steiner stain revealed numerous spirochetes within the proliferative epithelium, but they did not form the reticular pattern described in horse No. 1.
To determine whether spirochetes are present in normal equine hoof tissue, samples were taken from the frog of 2 adult horses (1 TWH and 1 Quarterhorse) at necropsy after euthanasia. The hooves were grossly normal. Microscopically, there were large numbers of mixed bacterial cocci and rods on the surface, but no spirochetes were detected by silver staining.
To determine whether other lesions of the lower limb might contain spirochetes, archival tissues from a sarcoid on the pastern of a 10-year-old Quarterhorse mare and a papilloma proximal to the coronary band in a 5-year-old TWH were stained with the modified Steiner stain. Both were negative for spirochetes.
Equine canker is a chronic, hyperproliferative, suppurative, pyogranulomatous pododermatitis of the frog, bars, and sole and, in severe cases, the adjacent hoof wall. 5 The lesion appears grossly as soft, whitish, cauliflower-like proliferations associated with a foul-smelling caseous exudate. Canker is associated with wet or unhygienic (or both) stall conditions. Treatment involves surgical debridement with or without cryotherapy, systemic administration of trimethoprim-sulfa or metronidazole, and topical application of antimicrobial drugs, e.g., metronidazole powder. Bandages are changed frequently (q2-3 days), and the horse housed in clean, dry stall conditions until healthy granulation tissue covers the surgical site. 4, 10 Canker is most commonly reported in draft horses, usually on the rear feet. 5, 10 The prevalence of TWH in this study may be a reflection of the popularity of the breed in this geographic area. The TWH represents 20% of the equine admissions to UTCVM. Although the hoof manipulations unique to the breed could make it more susceptible, there could also be a true genetic predisposition in the breed. The only previously reported case of epidermal spirochetosis was also in a TWH. That case presented as papillomatous pastern pododermatitis (''grease heel''). Spirochetes and the opportunistic nematode Pelodera strongyloides were present within the affected tissue. 7 Spirochetes, specifically the genus Treponema, have been identified in papillomatous digital dermatitis (PDD; hairy footwarts, digital dermatitis) in dairy cattle 3, 8 and contagious ovine digital dermatitis (severe virulent foot rot) in sheep. 2 Unidentified spirochetes have also been observed in smears taken from swine foot rot lesions. 6 Molecular studies suggest that some PDD-associated treponemes are phylogenetically related to treponemes isolated from human periodontitis. 1, 8, 9 Given the different types of equine foot lesions in which spirochetes have been observed (canker, papillomatous pastern pododermatitis) the authors surmise that the spirochetes are opportunistic. However, this does not negate their possible contribution to the observed pathology either directly or in conjunction with other bacteria. It may be noteworthy that the conditions in which the spirochetes were observed are all chronic lesions with a proliferative component similar to PDD. Isolation and molecular and biochemical character-ization of the spirochetes observed in equine foot lesions would help to determine whether the observed spirochetes are of the genus Treponema and whether these spirochetes contribute to the pathogenesis of canker and papillomatous pastern pododermatitis. 
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